Over the past ten years, medical students have increased their research activity to be competitive for orthopaedic residency positions throughout the country. This increase may favor students at institutions with a strong history of research production and well-established research departments with supporting staff. To compete with these institutions, a Musculoskeletal Research Committee was developed at a southern academic institution to provide a mutually beneficial link between orthopaedic research faculty and medical students. This manuscript describes the formation of this committee and the resultant involvement of young medical students in departmental research over a one year period. Composed of students and faculty, the committee developed a Research Guide for Medical Students, Research Database and Student List, Medical Students' Webpage, and Routing Form, and holds quarterly meetings for those students active in orthopaedic research. With this platform, the committee aimed to increase young student involvement in research and provide a stratified level of study participation among upper-level students for continued mentorship. In one calendar year, the total number of first and second-year students participating in department research increased 460% (5 to 28). Also, the total number of research projects with student involvement from these two classes increased 780% (5 to 44). The introduction of a research committee is an effective method of stimulating student interest in departmental research. Early participation results are promising, and this method may be applicable to other departments and institutions hoping to increase research productivity.
Introduction
Research is an important aspect of medical training and plays a vital role in the advancement of clinical medicine. It teaches educational skills that are traditionally absent in many medical school curricula but important in building a career founded on evidencebased medicine [1] [2] [3] . Research production also serves to improve institutional reputation and visibility while facilitating faculty advancement. To these ends, departments can benefit greatly from medical student involvement in research endeavors. Medical students, on the other hand, seeking to be competitive for orthopaedic residencies, have increased their own research activities significantly over the past ten years. This growing emphasis on research in the application process may stimulate younger students to seek out further research experiences [4] . Some medical schools offer summer programs for firstyear students or electives in research to fourth-year students, but these opportunities are likely too brief for students to complete a study or too late to include during the residency application process [5] [6] [7] .
Medical students may then seek to participate in research opportunities external to the formal curriculum, but face significant barriers including a lack of time, competing educational demands, and unfamiliarity with the research process [8] . Many institutions, particularly those with a strong history of research production, have established research departments with support staff in place to assist faculty, residents, and medical students [9] [10] [11] . As the emphasis on research grows across the country, departments that have not historically been active in research are now searching for ways to increase productivity. This paper describes the formation of a medical student research committee in March of 2016 and the resultant involvement of young medical students in departmental research.
With the aid of the departmental Director of Research, a Musculoskeletal Student Research Committee was developed to provide a mutually beneficial link between orthopaedic research faculty and medical students at a southern academic institution. The goal of the committee was to overcome common barriers described previously in order to increase the amount, quality, and interest in research within the department of orthopaedics. Hence the mission statement of the committee was written, 'To connect students with the information and faculty needed to guide and maximize medical students' time to choose, start, and complete research of the highest quality.'
Methods

Forming the committee
The committee consists of a Committee Director (Orthopaedic Director of Research), Faculty Advisor (Chairman of the Orthopaedic Department), Faculty Coordinator (Research Coordinator of the Orthopaedic Department), Faculty Statistician, and Faculty Project Developer. The medical student roles of Chairman, Senior Advisor to the Chair, and ChairElect are filled with third-year, fourth-year, and secondyear students, respectively. At the end of the school year, all students ascend in role, and nominations for the new Chair-Elect are put foward by the student committee members and selected by the faculty on the committee. Only students that are currently participating in committee research are eligible for nomination to ensure continued leadership regarding the responsibilities of the position.
Chairman, senior advisor to the chair, and chairelect responsibilities These three students serve as a bridge between the medical students, residents, and faculty. The Chairman's responsibilities include emailing students, faculty, and the Director of Research to assist in all matters related to research. This consists of managing the Medical Students' page on the department website, maintaining an online research database of existing and proposed projects, and planning all quarterly meetings -explained in further detail below. The Senior Advisor to the Chair provides counsel to the Chairman and Chair-Elect regarding past research experiences, in addition to serving as a mentor to younger students and a liaison to upper-level medical students. The Chair-Elect assists the Chairman with their tasks and acts as a liaison and visible contact for the first and second-year students who spend most of their time in the lecture halls on campus. A responsibility shared between the committee is to continually update the Research Guide, as detailed below.
The research guide
Reflecting on the past experiences and difficulties conducting medical research, the committee developed a 'Step by Step Research Guide for Medical Students', detailing how to complete institutional training modules, Institutional Review Board (IRB) documentation, and miscellaneous information such as instructions on obtaining data privileges at various hospitals. Furthermore, specific instructions are included to guide students seeking to join fellow medical students on active projects, assist on a resident's study, or begin their own project under the guidance of a faculty physician. The Research Guide also includes instructions regarding access to the Research Database and Student List.
Research database and student list
The Research Database and Student List are documents developed and maintained by members of the committee that communicate opportunities for research activities to students. The Research Database contains potential research ideas generated by the orthopaedic faculty, resident projects in development, and ongoing projects in need of student assistance. A second document, the Student List, contains student-run projects only. Projects on this list are closely monitored by the committee to identify roadblocks to progress and provide quick resolution. The Director of Research, along with the Chairman and Chair-Elect, collaborate to ensure these documents are current. Both documents allow students to view up-to-date project ideas, as well as available spots on a variety of studies in the department and are fundamental to the productivity of the committee. These documents are readily accessible to students on the 'Medical Students' portion of the departmental website.
Medical students' webpage
The Medical Students' Webpage was created by the committee on the existing Department of Orthopaedics' research website and can be visited by students. This was developed to provide access, in one setting, to all resources produced by the committee to assist students in research. These resources include the Step by Step Guide, Student List, examples of literature reviews, completed IRB and Institutional Biosafety Committee (IBC) forms, as well as other documents commonly needed to start research. If a student elects to begin a new study, the department required Routing Form can be found on the webpage as well.
Routing form
The Routing Form, created by the committee, was designed to follow the steps in conducting research. It requires that students complete a literature review, formulate a research question and hypothesis, determine study design, data source, variables of interest, and selection of measurements. The committee also requires assignment of authorship inclusion and order on the form to avoid disagreements upon submission for publication. In order to ensure study progress, students and faculty select target conferences for abstract submissions and other target dates. This form serves as a guide to aid students in the research process, but it also helps to ensure the feasibility and merit of the proposed study by requiring several faculty approvals to proceed.
Upon securing approvals from the faculty advisor and director of research, the faculty project developer and statistician meet with students to refine the proposal and aid in preparation of successful IRB submission.
Quarterly meetings
The purpose of the quarterly meetings is to discuss new and ongoing projects, educate students in the research process, and provide students with assistance to address common obstacles in research. Preceding these meetings, the committee assembles to set the meeting agenda and discuss any issues with active projects that may require faculty intervention. Also, the Chairman of the committee emails each faculty member to survey for new project ideas to be shared with students. This provides students with a narrower scope of projects aligned with faculty interests to ensure faculty support.
Additionally, each meeting has a presentation given on research training as follows: At the end of each meeting, time is reserved for students to address issues with current projects, interact with the Director of Research, and connect with classmates interested in beginning projects. Networking with other students, particularly students in classes above or below, is important as the committee encourages a stratified level of experience on new studies.
Stratified study participation
The committee determined that an attempt should be made to have representation on projects from each level of training. For example, a new study initiated by two first or second-year students should also seek an upper-level student and resident to be a part of the project. This provides for peer mentorship among the team. Upper-level students and residents can offer greater clinical knowledge and research experience. It is expected that as those first and second-year students advance to upper-level students, they assume the same mentor roles on future projects.
Results
In one calendar year, from February 2016 to February 2017, the total number of first and second-year medical students (from approximately 200 students per medical school class) participating in department research increased 460% from 5 to 28 (Table 1) . Which was an increase from 1.3% to 7% participation in the two classes combined. The total number of projects with student involvement increased 780% from 5 to 44 over this timespan ( Table 2 ). This was calculated as the summation of the number of projects that each individual student had participation in. Whereas there were no students involved in multiple projects in 2016, there were 11 students involved in multiple projects in 2017. Table 3 identifies that there was no difference in study type participation between 2016 and 2017, but participation was primarily in retrospective cohort studies. 
Discussion
Student involvement
In one year, there was a notable increase in research participation among early-year medical students, as indicated by the number of students as well as the total number of projects with student involvement. Although this study did not directly survey medical students regarding their motivations behind increased research participation, the authors postulate that the structure, availability, and creation of resources removed barriers, provided guidance, and created a framework in which motivated students could thrive.
The quarterly meetings create a curriculum of learning research skills while providing mentorship for firstyear students by more senior students. This support structure may also enable young students to be aggressive in their research endeavors and participate in multiple projects -in 2017, one student was involved in as many as four projects. The benefits of increasing medical student research participation may extend further than the Department of Orthopaedics. As more students gain a greater understanding of the research process and the importance of these efforts, they may utilize these skills to make an impact in other fields and bolster the overall academic contributions of the university. After all, evidence-based medicine is the gold standard of practice in all fields of medicine [12, 13] . At a minimum, the committee gives students exposure and understanding of clinical research, which is vital in training future physicians in interpreting and applying research to everyday practice.
Medical student focus
The Musculoskeletal Research Committee is a dynamic group centered on student research issues. Before the committee's existence, students traditionally reached out to the Director of Research with issues, and then scheduled a meeting to discuss starting the research process as well as project ideas. This was burdensome to the Director because of his clinical and educational schedule and normally required multiple meetings before the official start of the project. With the development of the committee, the common research inquiries are directed to the Chairman and Chair-Elect, and answers are outsourced to the student group. This system also informs the Chairman and Chair-Elect of common questions that should be addressed at the quarterly meetings. Having a student-directed line of communication offloads the demand on faculty and improves the pace of communication. Any questions the Chair and Chair-Elect cannot answer can then be forwarded directly to the Director of Research. This shortens the response time and provides more effective communication. In addition, the quarterly meetings provide students with a scheduled opportunity to interact and ask questions to the Director of Research in a face-to-face setting.
Faculty and medical student benefit
The committee provides a mutually beneficial relationship that allows students access to projects and assists faculty in finding students interested in participation. Through committee successes regarding the dissemination of research education and resources to students, medical students are provided with research tools that may enhance their contribution to projects. The same benefits can be applied to residents. Since the ACGME requires an orthopaedic resident to complete a study worthy of publication in a respected academic journal, a research partnership with coinvestigators who have relatively fewer time demands is a desirable situation [14] . Furthermore, students may benefit from resident mentorship on topics related to medical school, the match process, and residency. Early relationships formed between students and faculty may ease the awkward approach by students for a letter of recommendation and provide faculty with more substance to include in the letter-writing process. In addition, the research experience provided by the committee is beneficial to students who pursue medical specialties outside of orthopedic surgery as they participate in a collaborative environment, practice research skills, and, at the very least, learn about topics related to the musculoskeletal system -the most common reason that patients present for medical care [15, 16] .
Continued improvements
It is recognized that continued modification is necessary for improvement. The research guide developed by the committee has thus far been successful in prompting more students to begin research, but undergoes continuous revision and is far from comprehensive. As the number of students involved in research grows, new complications will arise requiring new solutions.
As stated previously, one committee goal is to provide mentorship to first and second-year students' studies by emphasizing third and fourth-year student participation in projects. While the existence of the committee is still young, it is anticipated that the benefit of study member stratification will grow as the current first and second-year students, now with formal training in research, have progressed to senior students. Although the majority of students are participating in or leading retrospective studies as the demand for publications on applications continues to rise [4] , more emphasis will be placed on guiding first and second-year medical students toward performing prospective studies as they are learning and beginning the research process earlier in medical school.
It is possible that the increased participation may have arisen due to increased interest in orthopaedics from class to class. However, the difference in firstyear participation was substantial and previous studies describe an indecisiveness most first-year medical students have toward selecting a specialty of interest due to their lack of clinical exposure [17] [18] [19] [20] . Furthermore, the committee has fostered a resource for general research participation that welcomes and encourages all students, including those whose medical interests lie elsewhere.
The committee has received praise from the student participants in studies before and after the development of this committee for providing a platform that addressed the difficulties they faced in conducting research effectively. Therefore, it is believed that all students may value the guidance and opportunities offered by this committee. This progress has been noted across the local medical school campus -the Student Government Association has requested a presentation by the committee to encourage replication of the committee in additional fields of academic medicine, since a research model such as this has never been implemented. This year-long experience has demonstrated that students are willing to make the time and have the desire to participate in research. While many faculty possess the same desire, this committee provides the structure to connect and benefit both parties. Although data regarding medical student perceptions was not formally collected during the first year of implementation, the purpose of this paper was to provide a guide for medical schools and residency programs to establish similar committees to increase research participation at their institutions. The authors will continue to assess the longterm effect on research productivity. Although this committee structure may not be applicable to all academic settings, the core principles within -prioritization of mentorship and collaboration, along with the establishment of clear and effective lines of communication -are universally beneficial.
The amount of research experiences and publications that medical students are participating in to match into competitive residency programs continues to increase. From 2007 to 2014, the mean number of research experiences for successful orthopaedic applicants increased from 2.6 to 3.7. The number of publications, abstracts, and presentations increased from 3.0 to 6.7 during that time frame as well [4] . To build a competitive curriculum vitae, a significant portion of medical students take a year off from school in order to pursue research. In fact, of the students that take a year off in medical school that are interested in matching into a highly competitive specialty, 59% did so to increase their competitiveness of their residency application [21] . Not only does this decision extend the educational process, it sacrifices a year of peak earnings for future physicians. Since research is becoming much more imperative on residency applications in fields other than orthopaedics [22] , this committee model can be implemented by students and faculty in any medical academic specialty. Regardless if students continue to perform research as clinicians, the understanding and interpretation of research is vital to practicing a career of evidence-based medicine. This manuscript demonstrates how the formation of a student committee, along with supportive department faculty, may quickly grow the research environment at institutions seeking to improve their research activity, and how this partnership may benefit students, residents, faculty, and the medical profession as a whole.
